One of the most prevalent disorders in the present society is depression. The development of treatments for this disorder, beginning with the tricyclic antidepressants and leading to the development of selective serotonin re-uptake inhibitors, has focused on compounds that block the function of the serotonin transporter (SERT). Quantitative structure-activity relationship has been performed on a series of lactam fused chroman derivatives as selective 5-HT transporters, using different physicochemical parameters along with appropriate indicator variables. It has been found that physicochemical parameters, such as connectivity indices 0 v and 2 v, molecular weight (MW), Parachor (Pc), Balaban index (J), Wiener index (W) along with indicator variables are significantly correlated with activity. In this paper best results were obtained by using multiple regression analysis. Different models were generated with high values of R 2 and low values of PRESS/SSY ratio. The significant equations were statistically tested by using leave one out (LOO) technique and crossvalidation methods.
Introduction
5-HT transporters (serotonin transporters, SERT) are sodiumand chloride-dependent members of the solute carrier family 6 (SLC6) found widely distributed throughout the brain. They are responsible for the re-uptake of 5-HT and undergo a conformational change to move one or more molecules per cycle. Serotonin (5-HT) stimulates smooth muscle cell growth through 5-HT receptors and the 5-HT transporter (5-HTT), and has been associated with pulmonary hypertension (PH). Serotonin (5-HT) is a G-protein-coupled receptor (GPCR) agonist, stimulates smooth muscle cell growth and migration. This action requires both 5-HT uptake through a 5-HT active transport process via the 5-HT transporter (5-HTT) and binding of 5-HT to one or multiple 5-HT receptors.
Methodology
QSAR studies have been done on a series of lactam fused chroman derivatives (Shen et al., 2010) . The 2D structures of the molecules were drawn using Chem Sketch software (Chem Sketch) . Several physicochemical parameters were used in the present study, which are discussed below:
Parachor (Pc)
This parameter is calculated by ACD Lab Chem Sketch Software (Chem Sketch) . The Parachor may be defined as the molar volume of a liquid at a temperature at which its surface tension is unity. Parachor is obtained experimentally as follows:
Pc is a molar volume term that is corrected by surface tension (c) raised to the power 1/4.
Molecular weight (MW)
Molecular weight descriptor has been used as descriptor in systems such as transport studies where diffusion is the mode of operation. It is an important variable in QSAR studies pertaining to cross-resistance of various drugs in multi-drug resistant cell lines (Liu et al., 1997; Holder et al., 2006; Carton, 1983) . (Randic, 1975 (Randic, , 1993 Randic index 1 v = 1 v(G) of G was introduced by Randic in 1975 as the connectivity index.
Molecular connectivity (v)
2.4. Balaban index(J) (Balaban, 1982 (Balaban, , 1989 (Balaban, , 1993 (Balaban, , 1994 (Balaban, , 1997 The formerly proposed and most important distance-based topological index is the Balaban index (J). This index is also called distance connectivity index on average distance sum connectivity. The Balaban index (J the average distance connectivity index) is defined by
where M is the number of bonds in graph G, l is the cyclomatic number G and di's (i = 1, 2, 3, . . . , N) are the distance sums (distance degrees) of atoms in G such that
The Wiener index (W) is a widely used topological index. It is based on the vertex-distances of the respective molecular graph. The Wiener index (W) was proposed in 1947 by Wiener (Weiner, 1947a,b; Lukovits, 1990 Lukovits, , 1995 Zhu et al., 1996) and is defined as the sum of over all bonds of the product of the number of vertices on each side of the bond.
2.6. Indicator variables (Senda and Fujita, 1991; Ismail et al., 2002) These are not QSAR parameters but are used to indicate the significance of any particular group or species at a particular substitution site in a given series of drugs.
Results and discussion
QSAR was performed on a series of 29 compounds of lactam fused chroman derivatives as selective 5-HT transporters with the physicochemical parameters, which are listed in Table 1 , where the biological activity (pKi) is a measure of inhibitory activity. All the QSARs reported here were derived by us and were not reported with the original dataset taken from the literature as reference. We have used Hansch analysis (Hansch and Leo, 1995; Hansch et al., 1995) for developing these models. The QSAR multiple regression analysis was performed with SPSS (7.5) version program. Their activity data and the physicochemical parameters evaluated in the correlation are listed in Table 2 . These parameters were found to be useful earlier in QSAR based drug modeling (Srivastava et al., 2008a (Srivastava et al., ,b,c,d, 2009a (Srivastava et al., ,b,c, 2010 Singh et al., 2008a,b) . In order to study the role of different substituents at specific positions indicator parameters such as I 1 for Table 1 . Multiregression analysis of the data gave several models of which the following equations were found to be significant: pK i ¼ À0:014ðAE0:007ÞMV þ 0:005ðAE0:025ÞBAC À 1:549ðAE1:133ÞWA þ 0:513ðAE0:340ÞI 2 À 1:200ðAE0:761ÞI 2 þ 21:729 ð1Þ
À 4:796ðAE5:845ÞD þ 0:655ðAE0:385ÞI 1 À 1:216ðAE0:857ÞI 2 þ 20:775 ð3Þ R 2 A ¼ 0:651; SE ¼ 0:387; F ð5;23Þ ¼ 11:460; Q ¼ 2:183 In all the above models n is the number of data points, R is the correlation coefficient of determination, SE is the standard error of estimate, R 2 A represents adjusted R 2 or explained variance F is variance ratio (Diudea, 2000) between observed and calculated activity. Q is the quality of fit (Pogliani, 1994 (Pogliani, , 1996 and data within parenthesis are for the 95% confidence intervals.
From the above regression equations it is clear that the positive coefficient of parameter BAC in above models indicate that this parameter has positive influence in determining the activity. The negative coefficients of Id, WA, MV and D imply that less bulkier groups having lesser molar volume and density should be preferred for the future drug designing. But the negative sign of Xeq shows that less electro negative group may be favorable for the activity.
The positive sign of coefficient I 1 makes it clear that Table 3 . In this equation the F ratio value is much higher than the theoretical F value [F (5,23) = 2.64] indicating the statistical significance of this equation. Predicted values are the calculated activities of the equation and the residual values are the difference between the observed biological activities and the calculated activities, which are found to be low.
The plot of observed pKi versus predicted pKi based on Eq. (1) is shown in graph (Fig. 1 ) and the predicted R 2 was found to be fairly large. 
Cross-validation
The cross-validation analysis was performed using leave one out (LOO) method (Carmer et al., 1988; Podloga and Ferguson, 2000) , in which one compound is removed from the dataset and the activity is correlated using the rest of the dataset. The cross-validated R 2 in each case was found to be very close to the value of R 2 for the entire dataset and hence these models can be termed as statistically significant.
Cross-validation provides the values of predicted residual sum of squares (PRESS), sum of the squares of the response (SSY) and R 2 cv (overall predicted ability) and predicted squares error (PSE) from which we can test the predictive power of the proposed model. It is argued that PRESS is a good estimate of the real predictive error of the model and if it is smaller than SSY the model predicts better than chance and can be considered statistically significant. Furthermore, the ratio PRESS/SSY can be used to calculate approximate confidence intervals of prediction of new compound. To be a reasonable QSAR model PRESS/SSY should be smaller than 0.4. Also, if PRESS value is transformed in a dimensionless term by relating it to the initial sum of squares, we obtain R 2 cv , i.e. the complement to the traces of unexplained variance over the total variance. The PRESS and R 2 cv have good properties. However, for practical purposes of end users the use of square root of PRESS/N, which is called predictive square error (PSE), is more directly related to the uncertainty of the predictions. The PSE values also support our results. The calculated cross-validated parameters confirm the validity of the models. All the requirements for an ideal model have been fulfilled by model No. 1, that is why we have considered it as the best model. R 2 A takes into account the adjustment of R 2 . R 2 A is a measure of the percentage explained variation in the dependent variable that takes into account the relationship between the number of cases and the number of independent variables in the regression model, whereas R 2 will always increase when an independent variable is added. R 2 A will decrease if the added variable does not reduce the unexplained variable enough to offset the loss of decrease of freedom.
Predictive error of coefficient of correlation (PE)
The predictive error of coefficient of correlation (PE) (Chatterjee et al., 2000) is yet another parameter used to decide the predictive power of the proposed models. We have calculated PE value of all the proposed models and they are reported in Table 4. It is argued that of (i) R < PE, then correlation is not significant; (ii) R > PE; several times (at least three times), then correlation is indicated; and if (iii) R > 6PE, then the correlation is definitely good.
(iv) For all the models developed the condition R > 6PE is satisfied and hence they can be said to have a good predictive power.
Conclusions
From the results and discussion made above, it may be concluded that:
(1) Less polar, smaller groups having lesser molar volume and density should be used in future drug designing. 
